Design of electro-optic ON-OFF switches based on well-known phase change material Ge 2 Sb 2 Te 5 (GST) is presented. The electro-optic switch is achieved by implementing by co-directional coupling between a 220 nm thick silicon nanowire and a silicon waveguide topped with ITO-GST-ITO layers at the 1.55μm wavelength. By introducing the electric field via the ITO electrodes, the GST layer can be changed between the amorphous and crystalline states. As the modal loss in the crystalline state is much higher than the amorphous state, through a rigorous modal analysis of the coupled silicon nanowire and GST waveguide by using the finite element method, the optimal ITO spacing is obtained at 75nm which is less sensitive to device parameter variations and thus offering better tolerances. The GST thickness is also optimized for the phase matching point at 25 nm in order to efficiently transfer power from silicon nanowire to GST waveguide to attain the OFF state. Once the device is phase matched in crystalline state, the power in the amorphous state will pass with very little interaction with the GST waveguide resulting in an ON state. The Eigenmode Expansion Method of Fimmprop is used as a junction analysis approach to calculate the optical power coupling efficiencies to the output silicon nanowire. The extinction ratio of the electro-optic switch and insertion loss in ON state at phase matching can be obtained as a function of the device length. A compact 1.75 μm long device shows a high extinction ratio of 22 dB with an insertion loss of only 0.56 dB.
INTRODUCTION
The small size active and passive photonic devices are the key components to achieve large scale photonic integrated circuits (PICs). Devices based on silicon-on-insulator platform are very promising due to reduced chip footprint and power consumption and their compatibility with microelectronic circuits based on CMOS technology. Normally, there are two approaches to design Si-based modulating and switching devices, and there are carrier injection and carrier depletion. For carrier injection modulators, carriers are injected by forward biasing the junction. This type of the modulator is limited in speed by the recombination rate of the carriers, and relatively high power consumption. But it has the advantage of that it can allow large changes in the carrier density and therefore a high modulation depth. On the other hand, carrier depletion, which modulate carrier density by reverse biasing junction, it is fast and consumes lower power as little current flows through the junction. But because of its need to have higher overlap the PN junction and the optical field, it leads to devices have large insertion loss and low modulation depth. Moreover, the Si-based modulator with carrier injection require control region length often longer than 100 µm. On the other hand, although resonant structures such as ring resonator may require a smaller length but provides only a narrow operation bandwidth but with a strong wavelength dependence. 
